Objectives: This study examined the hypothesis that time spent walking daily has a marked impact on incident dementia.
1
In Japan, where the increase in the elderly population has been particularly remarkable, dementia will become a serious problem. 2, 3 Previous studies have shown that seven potentially modifiable risk factors (physical inactivity, diabetes, hypertension, obesity, depression, smoking, and low educational attainment) would have a considerable impact on the incidence of Alzheimer's disease. 4, 5 Among these risk factors, physical activity has a marked impact on Alzheimer's disease (population attributable fractions [PAFs] for moderate-to-vigorous level of physical activity were 17.9% in Australia, 20.3% in Europe, 21 .0% in the United States, and 21.8% in the United Kingdom). 4, 5 A number of potential mechanisms whereby physical activity might reduce the risk of dementia have been suggested (increased cerebral blood flow, improved cardiovascular and metabolic health [eg, hypertension, diabetes, and dyslipidemia], amelioration of depression, and improvement of sleep quality). 6 However, to our knowledge, the impact of physical activity on incident dementia has never been investigated in East Asian countries such as Japan. The previous study reported that a physical inactivity (moderate-to-vigorous level) in Japan was relatively more prevalent than in other countries. 7 Considering that a cohort study of Japanese-American men showed that physical inactivity was associated with a lower risk of dementia, 8, 9 it would be expected that physical activity would have a marked impact in East Asian countries.
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Furthermore, although several studies have investigated the impact of physical activity on incident dementia, they did not focus on specific types of activity. Walking (including not only for leisure but also for transport) is thought to be a representative form of physical activity and has been widely evaluated in various studies. 10, 11 However, previous studies of dementia have focused mainly on leisure-time physical activity. 12 Furthermore, a recent systematic review has concluded that "Sedentary behaviour is associated with lower cognitive performance, although the attributable risk of sedentary time to all-cause dementia incidence is unclear." 13 Because walking is a common nonsedentary behavior (light-intensity activity), 7, 13 understanding the impact of walking on incident dementia would be important in the context of public health.
The aim of the present study was to examine the hypothesis that time spent walking has a marked impact on incident dementia among a Japanese population.
2 | METHODS During the 5.7-year study period, only 175 individuals were lost to follow-up because they moved away from the study area; thus, the follow-up rate was 98.7%.
| Study cohort

| Time spent walking (exposure)
Time spent walking was evaluated by asking a specific question, "How long do you spend walking per day, on average?" for which the subjects chose one of the three responses: less than 0.5, 0.5 to 1, or more than or equal to 1 hour. The validity of this method had been checked in our validation study. 15 
| Follow-up (incident dementia)
The primary outcome was incident dementia, defined as disabling dementia according to the criteria of the LTCI system used in Japan. 16 The LTCI is a mandatory form of national social insurance to assist daily activity in the disabled elderly. 17 Everyone aged more than or equal to 65 years pays premiums and is eligible for formal caregiving services under a uniform standard of disability certification. The procedure for disability certification comprises two parts: (1) assessment of the degree of functional disability using a questionnaire and (2) reference to a Doctor's Opinion Paper prepared by the attending physician.
Disabling dementia was defined as an incident functional disability with dementia according to the LTCI system whereby dementia exceeded rank I (rank ≥II) on the dementia scale of the Doctor's Opinion Paper, as individuals who have mild or moderate dementia are classified as rank II. 16, 18, 19 We obtained a data set that included information on LTCI certification, death, or emigration from Ohsaki City based on an agreement.
All data were transferred from the Ohsaki City Government.
| Covariates
The K6 was used as an indicator of psychological distress. 20, 21 With six questions, respondents were asked about their mental status over the last month. Total point scores ranged from 0 to 24. As the optimal cutoff point for mental illness in the validation study, we classified individuals with scores of more than or equal to 13 as having psychological distress. 21 
| Ethical issues
We considered the return of completed questionnaires to imply consent to participate in the study involving the baseline survey data and subsequent follow-up of death and emigration. We also confirmed reviewed and approved the study protocol.
Key points
• Physical activity is a potential protective factor against dementia.
• Physical inactivity is already known to impact greatly on incident dementia in Western countries.
• Time spent walking has a considerable preventive impact on incident dementia, even a 30-minute increase in walking time per day.
| Prevalence of time spent walking
Corresponding to the three categories of time spent walking per day (<0.5, 0.5-1, and ≥1 h), a surrogate indicator of their prevalence among the Japanese population was created by reference to statistical information on walking step counts (as measured by pedometer) in a Japanese nationally representative survey (National Health and Nutrition Survey, 2006-2010).
First, we converted the time spent walking to step counts with cadence data (pitch of gait: steps/minute) for the general population issued by the National Center for Geriatrics and Gerontology, Japan. Information Table S1 ).
Second, according to the findings of the National Health and Nutrition Survey, the daily number of steps walked was categorized into six groups: less than 2000, 2000 to 3999, 4000 to 5999, 6000 to 7999, 8000 to 9999, and more than or equal to 10 000. Table S2 ). Then, the slope of the regression line was estimated as −0.0024 (giving a linear regression equation of y = −0.0024x + 31.106) (Supporting Information Figure S1 ). Table S1 ).
| Statistical analysis
We counted the person years of follow-up for each subject from April All data were analyzed using the Statistical Analysis System (SAS) version 9.4 (SAS Inc., Cary, NC). All statistical tests described here were two sided, and differences at P < 0.05 were accepted as significant.
3 | RESULTS
| Subject characteristics
The study subjects comprised 6302 men (45.1%) and 7688 women The baseline characteristics of participants according to the time spent walking groups are summarized in Table 1 . Subjects who spent a longer time walking were more likely to be men, ever smokers, and ever alcohol drinkers. On the other hand, they were less likely to have had a history of stroke, myocardial infarction, hypertension, diabetes, or hyperlipidemia and to suffer from psychological distress.
| Time spent walking and incident dementia
The associations between time spent walking and incident dementia, along with HRs and associated 95% CIs, are shown in 
| PAF of time spent walking on incident dementia
The main results of the present study are shown in Table 3 . It was assumed that if all subjects spent more than or equal to 1 h/d walking, then, the PAF (PAF All ) would be 18.1% and that if subjects increased their daily time spent walking to one level above the present one (<0.5 to 0.5-1 or 0.5-1 to ≥1 h), then, the PAF (PAF +1 ) would be 14.0%. Results of multivariate-adjusted hazard ratios in Model 2 of Table 2 . 
| DISCUSSION
In this study, we investigated the impact of time spent walking on incident dementia (based on the dementia scale of the LTCI data) in elderly Japanese. Our estimate indicated that 18.1% of dementia cases would be attributable to walking if all subjects walked more than or equal to 1 h/d (PAF All ). To our knowledge, this is the first study to have examined the impact of time spent walking on incident dementia.
We also observed a considerable impact (PAF +1 = 14.0%) even if subjects increased their daily time spent walking to only one level above the present level (<0.5 to 0.5-1 and 0.5-1 to ≥1 h). Achieving PAF +1 is more realistic than achieving PAF All , and this result may encourage a more feasible public health strategy for promoting physical activity, such as "+10 min of physical activity per day" in Japan. 24 We had been concerned about amelioration of depression, and improved sleep quality) may also be associated with walking, the specific types of mechanism operating remain unclear.
Because PAF is derived from prevalence, regional variation of prevalence is important when considering the generalizability of the present findings. The previous study based on the accelerometry reported that the average number of daily steps taken in Japan was relatively higher than in other countries such as the United States and United Kingdom. 25 On the basis of this result, PAFs for other countries would be not smaller than that in Japan. Thus, time spent walking daily would have a considerable preventive impact on incident dementia not only in Japan.
This study had several limitations. First, because we did not consider information related to clinical diagnosis of dementia, some misclassification of incident dementia might have occurred. If there had been a degree of nondifferential misclassification, the present results would have been underestimated. 26 However, a previous study has shown that the dementia scale is well correlated with the Mini-Mental State Examination score (Spearman's rank correlation coefficient = −0.736). 27 A further study has also suggested that the dementia scale well reflects dementia as classified by the Clinical Dementia Rating. 19 Second, the quality (eg, intensity and type) of walking was not considered. Therefore, we were unable to confirm that all participants had a uniform cadence. Furthermore, it was unclear whether leisure-time walking and nonleisure-time walking contributed to the main result. Third, we applied the estimated prevalence of time spent walking and not directly observed data. A further study using an exposure variable corresponding to that used in a nationally representative survey would be desirable. Fourth, because our data for time spent walking per day included only three categories (<0.5, 0.5-1, ≥1 hour),
we were unable to consider the impact of time spent walking more than 1 hour (ie, the difference between 1-2, 2-3, and ≥3 h). Fifth, not all potential confounding factors were considered. In particular,
it cannot be ruled out that there was residual confounding for exercise or social engagement.
In conclusion, this study has shown that time spent walking has a considerable preventive impact on incident dementia in Japan. A further prospective study considering the limitations of the present study will be necessary in order to confirm this preventive association.
